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to waveguides in which a substrate 
■ This invention relates func tional structure.- 

- stru cture oc^i- P** 

5 As is conventional .he f index enclo sed m a 

re gions having a , refra ctive index, 

confining region, having 

«f the type described . 
. aS ove. the characteristic functio P In one 

10 regions can he fully -"f^ he £orn of rihs of P«h 
. configuration, the waveguide , tt ^.^ a planar 

Ba terial which pro 3 ect from a m ^ ^ 

su rface and thie ^S^ 0 ^ as t he confining region 
.„ a veguide-. Mr is ;7*; a ; ^ and. therefore, functional 
15 for silica (or doped silica ^ ^ ^ 

st ructure. are achiev d if J ^ ^ . natelial 

. However, it is .ore usual to - t 

. o£ lower refractive the ribs , e. g. against 

tra ns«ission loss and it "» P ^ 

.» - — — - * "° 

region is cuv^ 



waveguide" 



- to provide a variety 

Ba -ides as « — — - 

^tirerrtic-^----- 1 ^ 6 - 

v „.i waveguides Be implemented 
It has heen proposed that chann wave^ ^ ^ 

, t n silica, and silica is also used ^ ^ ^ ^ 

form of fihre. I. "'^Jctive index of the core 

■ and BA are used to increase the re ^ ^ ^ ^ also 
30 t „hich constitutes the P»t > ^ £iuorine t0 creese 

Known to use dopants surf as horo constitu tes the 

th e refractive index of the cla 9 ^ the 

r confinihS «* ion ° £ ^ 
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enseal function of the Ota. waveguide, but it is also 
0 "use dopants such as ,o,o E , Phosphorous and = = ; 

. -;ii Ca -n order to zac.iii >-a ue 

raduc o the melting poia: =^" a ' 

ssinc. The dopant, used to the melting P«« » 

;: t . e - the refractive index and this Must oe «»» — 
account when selecting the concentration of the dopant usee 
" ad^st refractive rr.de>. Boron tends to reouce h. 
Zef-ac'tive index whereas phosphorous increases tne 
: I of the silica, hut they both reduce the 
therefore a balanced fixture provides a 
de «essant which has little or no effect upon the 

Dopants are also used to support lasrng, e. „• 



index, 

earths such as Nd and Er. 



This invention relates to waveguide structures which ma*e 
15 sibie more complicated configurations of path regions ana 
15 poss.ox. available in conventional 

.ore complicated aevices .nan are ava faciiitates 
.lanar waveguides implementea m silica. ^ al *° , „ det3ende nt 
-n- reduction of high packing densities ox ^cpend 



devices- 



20 Acco-d'ng to this xnventron. a waveguide has a three- 
20 »=co.=-ng ^ plurality of path regxons 

r~d .ore x.~u. .«* ^ 

•rlL-rlrr,, a _ confining region, 

„ fract< ve index than the path regions. ?re_e 3, 

reiraci-vB „f rac tive index anc, 

- sri/r,..'"..; .::;r >.»Vr. „™";: 

index The three-dimensional waveguide secure 

. . n , iliea or doped silica, wherein the 
implementea in silica or aop ^ ffe . e nc- in 

distribution of the dopants causes the dixfe_enc. 

30 refractive index. 

The ,hr«e-di„ensional struct^ »y be regarded as a 
~ L W of waveguide units. Juxtaposed as in a stacx <non- 
w^d units *ay also be included., If 
"egions in one unit can be functionally couplea .o path 
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regions in an adjacent unit, e.g. to form couplers or 

splitters. 

The confining region may contain dopants, e.g. 3 and/or F, to 
reduce the refractive index. Preferably, the path regions 
5 contain dopants, e.g. G.0 : , TiO, or P 2 0 5 , to increase the 
' refractive index. Path regions may also contain dopan.s to 
support lasing, e.g. rare earths such as Er and »d. As 
.entioned above, zhese additives are used for similar . 
purposes in silica fibre waveguides. 

10 This invention includes a method for manufacturing channel 
waveguides from (doped) silica, and the ■ method is also 
applicable to the manufacture of three-dimensional 
structures, e.g. slacks. 

The method of the invention, as applied to a single waveguide 
1= unit having path regions of higher refractive index and a 
-onf'i-na reaion of lower refractive index, comprises: 

- „.;r,rT --v '"ame rvdrolvsis a thick porous layer 
(ai producing s\ — ame r. ; u.uii=- 

of silica or doped silica; 
r b i meltina the porous layer produced in (a) to produce 
20 ' a thinner consolidated layer, the temperature being 

selected so that the surface is at least partially 
controlled by surface tension whereby a uniform 
surface is produced; 
(cl selectively removing unwanted consolidated material 
,5 to leave behind the desired path regions; 

(d> depositing a layer of silica or doped silica having 
a lower refractive index, said material being 
deposited in the form of a thick porous, layer by. 
flame- hydrolysis; and 
M (.'. melting the porous layer -produced in (d) to proauce 

'• a thinner consolidated layer, the temperature being 
selected so that the surface is at least partially 
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controlled by surface tension, whereby a uniform 
surface is produced. 

n . e CUT . a comprising a plurality of 

5 for each unit whereby a szac* cu uuui 



one. 



^dudes a oroblem in that, during steps (b) and 
This method i~cluo.es a . =e aion, 
(.) a previously deposited region, e.g. a pa.n 

I • TM f C ) could melt and hence the connguration 
producea in step CO, coula ^ ^ 

10- could be unacceptable- degradea. This aanger 
mo re units are juxtaposed to form a stack. 

, his invention includes two alternative techniques for 
reducing this danger. 

-no to -he first technique, melting point depressants 
According to .he deposited by 

, q are '-c^ tided is az least some o* 3f 

.5 are u posited layers contain 

flame-hydrolysis sucn .aa. dep ressan,s than 

high er concent^ons o, mel g ^n ^ ^ ^ 

earlier er fflelting ?oints tha n the earlier 

depositee layer n«v. - ^ earlier deposit ed 

20 dePOSlt6Q 1 i a r" the soli d .base during the consolidation of 
'rra-er lavjrs X will'be apparent that this technique 
the la„M layers. stT - uctlire of path regions but it 

can be used to preserve the st ^ uct-e P ^ ^ ^ 

becomes impractical u a larg- 
25 than two units, need" to be deposited. 

Ac cordina to the second alternative, thin layers of silica 
are debited by . methods which do not require meting for 
nL— ation. Chemical vapour deposition, vmcn may be 
consolation examT3le _ of ... S uch a technique. Because 

. v-„wt melting Doint material, e.g. silica, 
the highest melting . subsequent 
structure. They therefore remain rigid when q» 
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lay ers produced by fla.e-hydrdysis are consolidated by 

• „e ting." - rigid layers, distributed throughout th 
, ttutturei act rather like a skeleton to preser.e .he 
st ™ „. . i.vers are preferably deposited 
structure. The hi9"> »eltmg layers a. P rhU 

5 between steps (c) and (A) as specified above. By thrs. 
tecLicue the path regions are protected. Extra protection 
Tan be "achieved by also depositing a high siting point layer 
ILdiately before step U,. Thus a path region .ay be 
enclosed in high melting material. 

.mroDriate to comment upon the technical 
10 It is now appropriate ^ 

significance of these methods. 

* „ a crark wherein each unit, when 
T-t- is desired to produce a stacK wnerexi 

It is aesire . However, the earlier part of 

complete, has a flat surface Droduces 
the nrocess as described in steps (a) (c) aco 
13 path'reaions in the form of ribs which project rro* tne pre 
11 t ng flat surface. Thus, the production of ,he path 
regi0 ns necessarily produces an irregular ^ ^ ^ 
' mus t comprise ribs which project from a flat sur ace. 
later .art of the process, described in steps (d) anc (e 
' ^hese ^eaularities and flame-hydrolysis is 

• 20 ^>: Lri^ - this P^e -ause, durin, ■ 

"consolidation, the porous material is me ted and ace 
tension plays an important part in controlling the shap of 
^he surface The surface tension tends to produce a rlat 
the su.: ■ consolidated layer will have a 

25 surface and, whererore, 

flat surface even when it is deposited over 
fla-e-hydrolysis produces the desired result but, as 
flame nyuxu jr difficulty that previously 

• 30' degrade the structure. • 

e e a chemical-vapour deposition and piasma- 
. Other processes, e.g. chemica p . osit a consolidated 

• • enhanced chemical vapour deposition, deposit a co 

laye r at low temperature. Thus the workpiece is not heated 
■ J its melting point during said deposition where.y the 
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vl „. aB c C -ared with wlting are avoided. However, the 
probl.« a.-.- ^ iiff . cult to r . nove 

avoiaance o. me— 5 , rev ious oaragraphj. 

(a= mentioned m ? reviU 
^ oc'es'-es wh< ch avoid melting have difficulty in mafcing 
Hence process .es ^- ^ includes tha use 

5 the desiree x,a. s-^a • re deDO sition. .The 

of flame-hydrolysis after ,ov „empe a. de8C=ibed 

u ^ «-.-c^c — ovides the uniform surrace 
f r e " ^ : : Tof Vh. structure .us, * -Ited. However the 
ab ove -u. so, o temt)eraturB ^position processes 

layers produced b> -he lo skeleton wh ich helps to 

.0 remain solid and prov.de a r.gxd ed in 

retain the structure when the porous material 
order to consolidate it. 

- * Q =i rahle to combine the two 
„ i. aiso po-ihle — ,ce n tration of .eltin, 

t.umc increasing the ^cncen^au 

techno. v ; rs oroaucea by n».-hy*r.ly.i. 

15 poiB :; e r- :::: - .... ^, 

"* he --' - *■ gia lay ers in »ai»tainin, the su»ct«. 
■ which assists the , ptoSu ced lo- 

w ~~ . ^.^ .-n therefore, - ^ xS 

*r- e never meitea ana, 
temperature inco „orate melting 

a ,d indeed unaesirabie 
20 unnecessary a**a 

point aepressanrs m such layers. , 

■ -nn wir iaw be described by way of example, with 
The invention wii- :io* ^ 

reference « -.he ac=o»panyi»« drawing, in vni = "- " 

...... ! <s a diaara,«,.tic vertical «...-.«*.■<*»«£ 

25 T liTree-a^ioner w.ve 5 ui,e structure. P»P— * 

""f ,?Tt::ixax vertical cross-section thro»,h a 
:re-aiUion;i ^e ? ui*e structure prepare, c, the 

30 nc-re - processing; 

protection to .a. path -eg-o wavegu ide unit 

Picure 4 is a plan view of a single * 
lalTe* to split one input into ei S nt outputs; and 
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Figure 5 illustrates two separate units which co-operate 
the function as a double ring-resonator. 

Figure 1 illustrates a three-dimensional waveguide structure 
which is mechanically supported on a silicon substrate 10, 
5 the surface of which was oxidised to provide a thin silica 
' buffer laver 11. The waveguide structure comprises a path 
region 12." 1 which is supported directly on the buffer layer 
• 11 and is surrounded by a silica confining region 13. .. The 
ca th reaion 12. 1 and the confining region 13. 1 constitute the 
10 first layer of the three-dimensional structure. 

The second layer of the structure is constituted by path 
region 12.2 which is supported on confining region. 13. 1 and 

■ surrounded by confining region 13. 2. Although Figure 1 only 
illustrates two layers it will be appreciated that the 

15 structure could be continued into further layers. 

•As wir be explained xn greater detail below, the structure 
■ illustrated Figure 1 was made in the following sequence. 
The starting point was a substrate consisting only of silicon 
10 and buffer layer 11. The various layers were deposited 
.20 onto the substrate in the following sequence, name ly: path 
region 12.1, confining region 13.1, path region ^ 2 jmd 
confining region 13. 2. Each region contained a mgner. 
concentration of a melting point depressant than it, 
, predecessor. Thus, when each region is «"~*« 
25 'consolidation, the existing layers remain solia, ana hence 
the configuration is preserved. 

in an alternative configuration, not illustrated m any 
. drawing, an extra layer of confining material is seated 
Lei buffer layer 11 and path region 12.1 This extra 
,0 laver of confining material -is- deposited first by flame 
. hydxolysis. Conveniently, no melting point depressant is 
used ih this layer. 



WO 93/16403 



-8- 



PCI7GB93/00240 



figure 2 illustrates a modification of Figure 1 in which eacn 
of the confining regions 13.1 and 13. 2 is divided into zirs, 
confinina reasons 14. 1 and 14. 2 and second confining regions 
13 1 and" 15. 2. First regions 14.1 and 14.2 are £or».a or 
5 pure silica because pure silica has a higher melting point 
than the other regions (which contain melting pom. 
depressants). First region 14. 1 is adjacent to path region 
12.1 and firs, region 14.2 is adjacent to path region ~ 

n 1 and 1 2 2 are as described 2.1* 
Second confining regions 13.1 and - 

10 Figure 1. 

01 -iie-rated <n Figure 2 were deposited in the 
The regions illustrated -n *j.y^ 

sequence, namely: - 

*ath region 12.1, primary confining region 14.1, secondary 
confining region. 15. 1, path region 12.2, priraary confxnxng 
15 region 14. 2 and secondary confining region 15. 2. The primary 
' confining reaions 14. i and 14. 2 were deposited by chemical 
vanour denosicion, preferably by plasma-enhanced chemical 
vapour deposition. They contain no melting point depressants 
so they "are ,he high.-, -Iting regions in the w oie 
20 structure: Ail the other regions were deposited by . 

hvdrolvsis followed by siting for consolidation. .n this 
respect zhe czher regions are the same as xn.Fo.gure 

„ rim arv confining regions 14.1 and 14.2 were deposited by 
chemical vapour deposition and this process not only deposit 

25 consolidated silica, *ut it does so at low ^*"™J>™ 

t a 1 9 are not melted as 

orimary confining regions 14. 1 and 14. 2 are no 
primary never melted during 

r>art of their production, and they a-e neve 
the preparation or the vhole device. The structure 
"lustrated i, figure , per.its aeltin, of Piously 
' ,0 deposited path reaions and confining regions because .he 
orl.ary confining regions ™ as a solid s.eieton o 
- preserve the structure. It is still necessary to use « ting 
point depressants in the layers deposited by fl~ hydrolysis 
In o-der to orovide lover melting points than the pure 
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silica The use of pure silica layers facilities the 
buildinc up of structures with a large number of layers, 
because" zhe use of melting point depressants, as the onxy 
techniaue, becomes difficult when it ,s necessary to provide 
a large number of regions, each having a different melting 



point. 



Figure 3 illustrates a configuration which conserves the 
' shape of a path region 53 and reduces diffusion into ad acen, 

regions. The configuration is sometimes desirable m 
10 complicated structures where repeated re-melting give. , «. 

to a substantial risk that the configuration will become 

degraded. 

Fimr. 3 illustrates a low melting confining region 51, which 
was produced by flame hydrolysis. This region " 
15 with a thin layer 52 of pure silica which was P=»»- ». 
chemical vapour deposrtion. This implies that layer 52 was 
not melted during its production, and is never melted during 
the production of the whole device. -he path region 53 is 
located directly on thin layer 52. During the course or its 

20 production, path region 53 was deposited by flame hyarolysis 
L a uniform layer which was consolidated by melting. Durmg 

: the melting stage thin layer 52 remained solid so reducing 
the possibility of diffusion of path region materia! into 
confining region 51. 

25 after shaping, path region 53 was covered by a ^thin flayer 54 
of pure silica which was also produced by chemical vapour 
deposition. Thin layer 54 resembles thin layer 52 in that 
. neither layer is ever melted. However, thin layer 52 «o- 
not produce the uniform surface which is desirable and th-. 
30 is achieved by depositing a further layer 55 which consists 
1 of lo- -Iting silica produce* by flame hydrolysis. «hen 
lay er 55 was melted for consolidation, path regron 53 and 
■ confining region 5! also melted. However, thin layers ^ 52 and 

ma Th"s the cross-section or 

54 remained in the solid phase. Tn-s 
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Ba -h -e«ion 52 was preserved because the path region was 
"surrounded by a solid skeleton. Furthermore, the risk o= 
molten layers 51. 53 or 55 diffusing into one anotr.er was 
reduced by the same solid layers 52 and 54. 

5 will be apparent that the structure illustrated ir. Figure 
2 crovides thorough protection when complicated structures 
a rl to be produced. However, in most circumstances, it is 
possible to simplify the production schedule by omitting thin 
"layer 52 without serious risk of damage. 

i0 Fiaure 4 is a plan view of a connector which would be 
suitable for a single unit of a multi-unit structure 
according to the invention. The connector has eight output 
' ? i-28 which provide connection to eight diizerenr 

external fibres. As can be seen in Figure 4, the eight ports 
15 2'- - 25 are connected m pairs to four primary nodes 2, - .2. 
• ^ tu-n. the four primary nodes are connected to seconaary 
"nodes 22 and 24 which are also linked to a final node ,5 
which is connected to a single input port 36. The pattern 
illustrated in Figure 4 is suitable for use as a sputter. 

. „,= r,r>-t "6 would be eauivalent 
20 For example, a laser connecea ..o po^ -b wouxu 

to eight lasers located at ports 21 - 28. 

-«- wiU be appreciated that the configuration illustrated in 
" F <"aure 4 could be provided as a single unit of a device 
wherein the other" units have different structures. *t is 

- ^ - e .nin-nres of the individual units are 
25 emphasised that structures or 

independent of one another. 

' Figure 5 illustrates a double ring resonator which involves 
■ the interaction of signals in two different layers ox the 
three-dimensional device. Figure 5 comprises two separate 
*0 Fiaures, identified as -A" and -"B" to illustrate the two 
parts which interact. The complete functional unit comprises 
circular path regions 40A and 40B which interact when ,hey 
are superimposed in the complete structure. Circular region 
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40A is associated with a linear path region 41A whereas 
circular path region 40B is similarly associated with a. 
linear path region 413. 

• The structures according to the invention, e.g. the 
5 structures illustrated in Figures i - 3, are conveniently 
prepared by depositing a sequence of units each or viu.cn 
- comprises a plurality, e. g. two or three layers. Some or all 
of the layers are deposited by flame hydrolysis. Some 
lavers, e.g. P«h regions, are shaped, e.g. by 
10 photolithography and etching before subsequent layers are 
■ deposited. Structures having several units and many layers 
can be built up, but it is important that previously., 
deposited layers are not damaged during the deposition of 
subsequent layers. 

15 "Flame-hydrolysis is used to deposit at least some of the 
layers. Flame-hydrolysis is carried out at' high temperature 
in a oxygen/hvdrogen flame, which provides the water :ox th.e 
hydrolysis part of the reaction. Reagents are introaucea 

•• '<nto the flame in enter ro produce the desired layers. Thus 

20 SiCl. is introduced to the flame, to produce SiO, which is an 
important constituent of all the layers. In order to 

- increase the refractive index of the SiO, it is necessary to 
■«at-odue« ancillary reagents into the flame, ana three 
important ancillary reagents are GeCl, which produces GeO 

25 TiCl, which produces TiO, and PCI, or P0C1, which are converted 
to P,0 t . All of these ancillary reagents increase the 
refractive index of the silica to produce path regions. 

in addition to the reagents used to vary the refractive 
• - index, the invention utilises other reagents to reduce the 
30 melting- point of the deposited layer. For example 

■ introducing BC1, ar.d/or ?Cl 3 i«» the flame dopes „ne SiO : 
" (and any additives used to adjust the refractive index) witn 
B 2 0 3 and/or P 2 0 t , careful selection of the correct ratio will 
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index. 



avoid unwanted ..edifications of the refractive 
Reagents to introduce lasing additive .ay also be used. 

Th e reactions which occur in the f lame-hydrolysis process 
produce, in the first instance, a product which is ,r tne 

=n nart^cles and for this reason the product 
5 form of very small particles, ana * lame _ 

"enrv" It is emphasised that ^lame 

is often known as 'soo>. . ^ 

hydroxys Producer a very thick layer of materia . 
low bul* density and this serial must be consolidated b, 

melting it. 

10 After the deposition of a path region, e.g. a region 
containing G..,. the consolidated region is etched to give a 
desired configuration. .. g. configurations as Ulustrateo in 
figures ^ and 4. This etching is achieved by conventxonai 
photolithography followed by etching, e.g. reactive .on 

15 etching. 

neme-hvdrolysis ,s a highly desirable technique for 
reducing multi-layer structures because the deposition o. 
■.hick levers followed by siting is capable of giving un.ror. 
or f la r surfaces. Part of the emanation is that the » t 
,0 material is controlled by surface tens.cn, and sur a e 
tension produces a flat surface. Fro. Figures 1 _an= 2 - 
will be apparent that, when the confining region is depositee 
the surface is uneven because the path regions 12. . or .2 
proj ect fro* the surface as ribs. Flame ^drolysis is 
25 adapted to produce a flat uniform surface over a -ibbed 
substrate. 

A hrref description of the preferred method of 
primarv confining regions will now be given. These are shown 
L 14 ", and 14. 2 in Figure 2 and as 52 and =4 in Figure 3. 
10 The method comprises reacting.^ with NO at a pressure o 
The gas phase, which is cool, impinges on a 



2 torr. ' - A 

suis t*ate heated to about 400'C and a high-freo.ency f £ £ 
e.g. 650 kHz. is applied across substrate. The field 
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produces a plasma which causes the HO to dissociate into 
p cur f»oe o' the substrate, reacts 

atomic oxygen which, on the surface o. * 

with SiH. to produce Si0 : as a consolidated solid 
techni.ua- is not as cood as flame hydrops to produce , a 
fla t surface over a shaped substrate, but it has the 
advantage of givin, consolidated SiO, at low temperature 
Ithout meltin, the other layers. Similar processes are al o 
available which do not use the plasma. For example SiH, may 
be reacted with oxygen. 
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CLAIMS 



10 



6. 



25 



A 



7. 



-hree-dimensional waveguide structure which has a 
pluralitv of path regions located at two or more 
different levels, said path regions sharing a common 
confinina region, wherein said structure is implements 
in silica or doped silica and the distribution of 
dopants distinguishes the path regions from tne 
confining regions. 

A waveguide structure according to claim 1, wherein the 
common confining region has a uniform refractive inaex 
which is lower than the refractive index of tne path 
region having the lowest refractive index. 

, A waveguide structure according to either claim 1 or 
claim 2, wherein the path regions contain a dopant to 
15 increase the refractive index. 

4 A waveguide structure according to .claim 2, wherein the 
dopant is selected from GeO,, TiO. and P £ 0«. 

A waveguide structure according to any one of the 
orecedino daia, wherein at least a portion of the 
20 structure, said portion including some or ail of the 

confinina region, contains a- melting point depressant. 



A waveguide structure according to claim 5, wherein saia 
siting point depressant is constituted by a combination 
of two different additives in relative proportions such 
that the combination has little or no effect upon the 
refractive index. 

A waveguide structure according to claim 6, wherein one 
additive is B.0, and the other is P 2 0 5 . 
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8. A waveguide structure according to any one of claims 5, 
6 or 7, wherein the confining region includes at least 
one region free from melting points depressants, said 
region being adjacent to at least one path region. 

5 9. A waveguide structure according to claim 8, wherein 
every path region is adjacent to at least one undoped 
region. 



10. 



A method of making a waveguide structure as claimed in 
any one of the preceding claims, which method comprises 
10 depositing a series of waveguide structures onto a 

substrate each of said waveguide structures including at 
least one path region of higher refractive index 
associated with a confining region of lower refractive 
index, wherein each of said waveguide structures' is 
\ 15 produced by: - 

{a) depositing by flame hydrolysis a thick porous layer 
of silica :r doped silica said layer having the 
higher refractive index; 

(b) melting the porous layer produced in (a) to produce 
a thinner consolidated layer, the temperature being, 
selected so that the surface is at least partially 
controlled by surface tension, whereby a uniform, 
surface is produced; 

(c) selectively removing unwanted consolidated material 
to leave behind desired path regions; 

(d) depositing a layer of silica or doped silica having 
the lower refractive index, at least some of said 
material being deposited in the form of a thick 

■ '. porous layer by flame hydrolysis; and 

30 (e) "meltinc the porous layer produced in (d) to produce 

a thinner consolidated" layer, the temperature being 
selected so that surface is at least partially 
controlled by surface tension whereby a uniform 
surface is produced: 



20 
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11. A 



wherein at least one later deposited layer contains 
a greater concentration of melting point depressant 
than at least one earlier deposited layer and, during 
stens (b) and ie), the temperature is controlled so 
that not all of the previously deposited structure is 
malted. 

A me thod according to claim 10, wherein curing .he 
preparation of at least one layer, step <«> 
depositing a first region of cladding material aa^a e . 
to the path regions produced in steps (a) - (c) sax. 
first region being produced by a process which produces 
a consolidated layer without melting it, and thereafter 
depositing a second layer of cladding material by .lame 
hvdrolysis where,* second region of cladding materia, has 
a* lower melting point than the material of the nrst 
region of cladding material and said first region o. 
cladding material is not melted during the performance or 
step (e). 

, nethod according to claim U, wherein the first region 
of cladding material is deposited by a chemical v.pou. 
deposition. 

method according to claim 12, wherein the chemical 
vapour deposition is plasma enhanced. 

A method according to any one of claims U to 14 wherein 
the first region of cladding material is substantially 
pure silica. 



12. 



13. A 



14. 
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